The gastrointestinal (GI) tract is one of the most complex ecosystems consisting of microbial and host cells. It is suggested that the host genotype, the physiology of the host and environmental factors affect the composition and function of the bacterial community in the intestine. However, the relative impact of these factors is unknown. In this study, we used a culture-independent approach to analyze the bacterial composition in the GI tract. Denaturing gradient gel electrophoresis (DGGE) pro les of fecal bacterial 16S rDNA amplicons from adult humans with varying degrees of genetic relatedness were compared by determining the similarity indices of the pro les compared. The similarity between fecal DGGE pro les of monozygotic twins were signi cantly higher than those for unrelated individuals (t s ¾2.73, p 1 -t a i l ¾0.0063, df¾21). In addition, a positive relationship (F 1 , 3 0 ¾ 8.63, p ¾ 0.0063) between the similarity indices and the genetic relatedness of the hosts was observed. In contrast, fecal DGGE pro les of marital partners, which are living in the same environment and which have comparable feeding habits, showed low similarity which was not signi cantly different from that of unrelated individuals (t s ¾1.03, p 1 -ta i l ¾0.1561, df ¾27). Our data indicate that factors related to the host genotype have an important effect on determining the bacterial composition in the GI tract.
INTRODUCTION
While prokaryotes are the most abundant form of life on our planet (1), it is also well known that microbes are present in vast amounts in the animal gastrointestinal (GI) tract, where they often exceed the number of host cells (2) . Therefore, they live in very close contact with each other and with the epithelial cells of the host. The succession of this complex microbial community starts after birth, when empty niches become colonized by the rst invading fastgrowing microbes. Successive shifts of different microbial populations nally result in a climax community (3, 4) . Although most of the interactions in the GI tract are still unknown, several studies indicate that signaling between host and microbes is very important in this ecosystem (5, 6) . Recently, the molecular details of the communication between Bacteroides thetaiotaomicron and its murine host have been elucidated (7) (8) (9) . Furthermore, it has been reported for various animal systems that the presence of methanogens in the intestine is a phylogenetic character that obeys 'Dollo's rule', i.e. traits that are lost in the course of evolution do not appear in any of the descendants of the common ancestor that lost these traits (10, 11) . On the other hand, a recent study with humans and rats has indicated that shared and unique environmental conditions are important in the ecology of methanogens (12) . These rather contradicting observations indicate the complexity of the ecology of methanogens in the GI tract. It is at least remarkable that only a fraction of humans harbors signi cant numbers of intestinal methanogens (13) . Moreover, it has been established that each individual harbors speci c strains of Helicobacter pylori or Bi dobacterium and Lactobacillus spp. (14, 15) . All these observations argue strongly for the genetic predisposition of the host determining the composition in the GI tract.
A serious problem that limits the global analysis of the whole GI tract community is the inability to isolate and characterize all microbes. Viable plate count techniques only reveal a minor fraction of the GI tract community (16 -18) . Hence, analysis of the contribution of the host in determining the microbial composition in the GI tract requires the application of culture-independent techniques. These are mainly based on the sequence variability of 16S rRNA genes that have shown to be useful phylogenetic markers (19 -21) . Recently, it has been shown that the dominant bacterial community in feces remains stable in time (22, 23) . In addition, temperature or denaturing gradient gel electrophoresis (TGGE or DGGE) of the PCRampli ed sequences of fecal 16S rRNA and rDNA indicated that the bacterial composition was host-speci c (22) .
To study whether factors related to the genetic predisposition of the host rather than environmental factors determine a host-speci c composition in the GI tract, we analyzed fecal samples from human individuals with different degrees of genetic relatedness, varying from monozygotic twins to marital partners, and four non-human primate species. Although fecal samples do not re ect the bacterial composition in all parts of the GI tract, the majority of bacteria leave the GI tract via the fecal route and, therefore, an observed effect on the fecal composition re ects an GI tract-related effect. The V6 to V8 regions of the 16S rDNA were ampli ed using fecal DNA as template and the amplicons were analyzed by DGGE (24, 25) . Similarity indices between the DGGE pro les were calculated and statistical analyses were performed.
MATERIALS AND METHODS

Fecal sample collection
Fecal samples from 50 adult human volunteers (21 -56 years) with varying genetic relationships (from mono-and dizygotic twins to genetically unrelated individuals) were collected after defecation in sterile plastic bags or collection tubes, and processed or transported to the lab as fast as possible, or stored at ¼ 20°C until use (freezing did not affect the procedures). In addition, fresh fecal samples were collected from four other primates (gorilla, chimpanzee, macaque, and orangutan) and transported immediately from the zoo to the lab. Fecal samples from genetically related individuals were analyzed only if they were living at separate locations. Individuals older than 60 years were not included, since it has been suggested that the physiological conditions of aging people affects the microbial community (26) . In addition, two fecal samples were taken in a 4-month period from each of four unrelated human adults in order to assess the temporal stability of the fecal community.
DNA isolation, PCR, and DGGE analysis
The DNA isolation from fecal samples was performed as described earlier (22) . One microliter of the fecal DNA solution was 10 times diluted and subsequently used as template to amplify the V6 -V8 regions of 16S rDNA using primers F-0968-GC and R-1401 (27) . DGGE analysis of the amplicons was performed on 8% polyacrylamide gels (PAGE) containing a urea plus formamide gradient from 38 to 48% (100% denaturing solution contains 7 M urea and 40% (v:v) formamide). Electrophoresis was performed in 0.5½ TAE at 85 V at 60°C for 16 h using the DCode or D GENE System apparatus (BioRad, Hercules, CA). After electrophoresis, gels were silver-stained according to the protocol of Sanguinetti and colleagues (28) with some minor modi cations.
Calculating similarity indices and statistical analysis
DGGE gels were scanned at 400 dpi and the software of Molecular Analyst 1.12 (Biorad) was used for comparing the DGGE pro les. Similarity indices of the compared pro les were calculated from the densitometric curves of the scanned DGGE pro les by using the Pearsons product-moment correlation coef cient (29) . This procedure was performed three times. In this way, comparisons were made between fecal samples originating from human individuals with different degrees of genetic relatedness, with different ages, living in similar or different environments, four non-human primate species. In addition, fecal samples taken in a 4-month period were compared to access the temporal stability of the host-speci c bacterial community. To obtain independent comparisons for statistical analysis, a random set of comparisons was selected from each gel in which each DGGE pro le occurred only once. Regression analysis and student's t-tests were performed for statistical analysis of the data.
RESULTS
Comparison between fecal samples from monozygotic twins, marital partners, unrelated indi×iduals, and non-human primates
To study whether factors related to the genetic predisposition of the host rather than environmental factors determine a host-speci c composition in the GI tract, fecal samples from human individuals with identical genetic relatedness (monozygotic twins), with similar environmental conditions (marital partners), and unrelated individuals were analyzed. Amplicons of the variable regions V6 -V8 were analyzed by DGGE, resulting in complex pro les which represent the host-speci c dominant bacterial communities in which each band in a pro le represents at least one unique bacterial 16S rDNA sequence (Fig. 1) . The DGGE pro les of fecal 16S rDNA amplicons from monozygotic twins from three different families showed higher similarity within twin couples than between twin couples (Table I ). In addition, the similarity between the marital partners within family C was relatively low compared with the similarity within each twin couple. In general, the similarity indices of all monozygotic twins (N¾ 6) were signi cantly higher than those of genetically unrelated individuals (t s ¾ 2.73, p 1 -t a il ¾ 0.0063, df ¾ 21), despite some occasional observations of high similarity indices for genetically unrelated individuals (Fig. 2.) . On the other hand, a comparison between the fecal communities of the marital partners did not show signi cant higher similarities than those for unrelated persons (t s ¾ 1.03, p 1 -t ail ¾ 0.1561, df¾ 27) notwithstanding the fact that the partners lived in the same environment and had in general comparable feeding habits (based on questionnaires). This may indicate that factors related to the host genotype or to the sex difference of the individuals compared have a 
DGGE analysis of feces from indi×iduals with ×arying degrees of genetic relatedness
To study the impact of the genetic predisposition of adult humans in more detail, similarity indices were calculated for comparisons between DGGE pro les of fecal samples from individuals with varying degrees of genetic relatedness (Fig. 3) . The similarity between the DGGE pro les of fecal samples appears to show a positive linear relationship with the genetic relatedness (r) between those individuals (F 1 ,3 0 ¾ 8.63, p¾ 0.0063), despite the high variation within the similarity indices of individuals with the same genetic relatedness. For example, the SD of the similarity indices for r ¾ 0 (genetically unrelated) and r ¾ 0.5 (brother and sisters, parents and children) are 14.7 and 16.4, respectively. These high variations could be caused by a variety of factors, such as age, diet, condition of the host, and experimental errors. The variation caused by replicate DNA isolation, PCR ampli cation, and DGGE analysis was found to be small and did not exceed a SD of 3.1.
The positive relationship between the similarity indices of fecal DGGE pro les and the genetic relatedness between the hosts compared indicates that factors related to the genetic predisposition of the host have a signi cant in uence on the bacterial composition in feces. However, since the mean age difference between the individuals decreases with an increasing genetic relatedness (from r ¾ 0.25 to 1) the effect of the age difference on the similarity index was determined by comparing the DGGE pro les belonging to the group of brothers and sisters with r ¾ 0.5 (including dizygotic twins). No positive or negative relation was observed for the similarity indices and the corresponding age differences (up to 14 years difference). This indicates that the age difference between the hosts did not have a signi cant effect on the observed differences between the hosts.
DISCUSSION
The GI tract is a complex ecosystems consisting of microbial and host cells. The microbial community plays an signi cant in uence on the bacterial community in the human GI tract. However, no signi cant difference was observed between the similarity indices of unrelated persons of the same sex and those of different sexes (t s ¾ 0.41, p 2 -tail ¾ 0.69, df¾ 15). This strongly argues for factors related to the host genotype to have an important effect on the GI tract composition. In addition, the similarity between the bacterial communities of genetically unrelated individuals was signi cantly higher than that of humans compared with other primates that we consider as the baseline level (t s ¾ 3.99, p 1 -ta il ¾ 0.0004, df¾ 19).
Table I
Similarity matrix calculated from the DGGE pro les of Fig. 1. T T1  T2  T3  T4  P5  T5  T6  P6   100  T1  T2 81 T1 and T2; T3 and T4; and T5, T6 , P5, and P6 are members of respectively Twin A, Twin B, and Family C. Similarity indices of monozygotic twins are highlighted and underlined, similarity indices of marital partners are highlighted only. important metabolic role in the GI tract by converting dietary components that escaped digestion by the host, and polymers excreted by the host into readily accessible nutrients and other compounds, such as vitamins (3) . In addition, the microbial community participates in protecting the host against pathogens (30) . Interactions between the host and the microbial community are, therefore, of considerable importance, very complex and just starting to be understood (5, (7) (8) (9) ). In the current study, we describe a culture-independent analysis of the dominant bacterial composition in the GI tract based on the 16S rRNA sequence variability of bacteria. DGGE and related electrophoretic analyses of 16S rDNA amplicons have shown to be powerful in studying the ecology of bacteria in different ecosystems including the GI tract (reviewed by (31, 32) ). In an earlier study, we have shown that the diversity and stability of bacterial communities in the human GI tract could easily be analyzed using such an approach (22) . In addition, the determination of similarity indices for DGGE pro les has shown to be a suitable tool to make the comparisons objectively (33, 34) . In the current study, we determined the similarity indices of fecal DGGE pro les from hosts with varying degrees of genetic relatedness. It was observed that the host genotype has a signi cant effect on determining the dominant bacterial composition in the GI tract. The effect of the environment seems to be of less importance as indicated by the similarity indices of the bacterial communities between monozygotic twins and marital partners.
indicates a member of a monozygotic twin and P indicates the marital partner of the twin member
A strong positive correlation between the similarity indices and the genetic relatedness of the hosts was found, suggesting that either the host genotype or the colonization history, presumably via the fecal oral route from mother to child, has a signi cant effect on the bacterial composition in the GI tract. Another possible factor in uencing the fecal comparison could be the age difference between the hosts compared. As reported earlier, the fecal communities might be affected by the physiological conditions of aging people (26) . Therefore, individuals older than the arbitrary 60 years were excluded from this study. Since no signi cant relationship was found for the age differences between brothers and sisters with r ¾ 0.5 and the corresponding similarity indices, it is not likely that our ndings can be explained by the effect of age differences. Furthermore, the combination of earlier ndings that the bacterial community in adults is stable in time (22, 23) and the fact that all genetic relatives in this study are already living separately for a long period of time (more than 5 years, some more than 15 years) also argues for a strong effect of the host genotype.
Our ndings may explain why the fecal composition is host-speci c and stable in time in adults, and the presence or absence of certain strains in the GI tract as described earlier (10, 11, 13 -15, 22) . Currently, we can only specu- late if immunological properties of the host, speci c receptors for GI tract bacteria, or other communication systems between the host and the microbial community are responsible for the observed ndings. Recently, the molecular details of the communication between Bacteroides thetaiotaomicron and its gnotobiotic murine host have been elucidated (7) (8) (9) . Unfortunately, such studies can only be performed under well-controlled laboratory conditions and cannot be used to study the communication between humans and the GI tract community. Nevertheless, it is evident that the composition of the GI tract community is not only affected by the colonization history, the physiological (aging) effects in the GI tract and environmental factors, but also by the host genotype. Therefore, the effects of the consumption of for example probiotics or prebiotics may be dif cult to determine in different individuals as a consequence of the variation in the bacterial community in the GI tract. To correct for these host-speci c effects, the volunteers in a feeding trial should include individuals, which are genetically closely related.
